Engineering and application of P450 monooxygenases in pharmaceutical and metabolite synthesis.
Cytochrome P450 monoxygenase (P450s or CYPs) allow access to drug metabolites, necessary for approval of new therapeutics in one step, with increased success being demonstrated using bacterial and fungal P450s. Moreover, 12 of the 13 products of the human metabolism of verapamil can be accessed through engineered and chimeric bacterial P450s. These P450s are also used in the synthesis of pharmaceuticals themselves, including the semi-synthetic production of artemisinin in an engineered cell. The integration of new technologies including ultrasound and polyfluorinated hydrocarbon solvents offers an attractive means by the true synthetic potential of ubiquitous P450s can be fully realised.